Gastrointestinal tract malignancies cause more cancer-related deaths worldwide than any other form of cancer, accounting for more than 20% of all cancer-related fatalities 1 . Late diagnosis, often occurring already at an advanced disease stage, and a high recurrence risk result in poor prognoses.
Chronic inflammation contributes to carcinogenesis in the gastrointestinal tract, and several biomarkers have been studied in attempts to further clarify the pathology behind inflammation-associated cancers, including the toll-like receptors (TLRs) [2] [3] [4] . TLRs, a family of transmembranous pattern recognition receptors, play a crucial role in innate immunity. These receptors are expressed on antigen-presenting cells in the first line of defence, such as on the macrophages and dendritic cells, and activated by pathogen-associated molecular patterns 5 . In cancer, TLRs contribute to the inflammatory environment via activation by damage-associated molecular patterns 6 . However, TLRs may assume a heterogeneous role in cancer biology, since they appear to both induce antitumour factors and in different contexts promote procancerous mechanisms 7 . A sequence of increasing TLR2, TLR4, and TLR5 expression levels was observed with progression from normal gastric mucosa to pre-cancerous lesions, gastric dysplasia, and ultimately to gastric adenocarcinoma 8 . The highest TLR expression levels were found in dysplastic lesions, suggesting that TLRs may play a specific role in gastric cancer development.
TLR4 represents the most widely studied TLR in gastric cancer, and its polymorphism may associate with an increased risk of gastric cancer 9, 10 . Furthermore, TLR4 signalling activation in gastric cancer cells by lipopolysaccharides increase the risk of metastasis 11 . In a study among 106 gastric adenocarcinoma patients, TLR3, TLR4, and TLR9 were highly expressed in gastric cancer tissues and survival worsened among patients with a high TLR3 expression 12 . Moreover, TLR2 expression in gastric cancer has been linked to metastatic disease and increased invasion 13 . In addition, TLR5 activation by flagellin, the major structural protein in bacterial flagellum, increases the proliferation of gastric cancer cells 14 . Subsequent TLR5 antagonism appeared to cancel the effect, suggesting that TLR5 signalling clearly contributes to the proliferation of gastric cancer cells. Yet, administering imiquimod (a TLR7 agonist) to gastric cancer cells results in a reduced proliferation 15 . In that study, TLR7 expression was low in gastric cancer cells compared to levels in adjacent healthy tissue. Genetic variations of TLR1 combined with an Helicobacter Pylori (H. pylori) infection predispose an individual to develop gastric cancer 16 . However, TLR1 remains unstudied using immunohistochemistry. TLRs are promising biomarkers, yet due to their diverse functions, further research is needed to clarify their roles in gastric cancer.
Therefore, in this study, we aimed to explore the tissue expression of TLR1, TLR2, TLR4, TLR5, TLR7, and TLR9 as potential prognostic biomarkers in gastric cancer patients, and to examine their associations with several clinicopathological variables.
Methods

patients.
We retrospectively studied 313 patients operated on for gastric cancer between 2000 and 2009 in the Department of Surgery, Helsinki University Hospital. Each gastric tumour was histologically confirmed as gastric adenocarcinoma by a pathologist of the Helsinki University Hospital. Individuals undergoing surgery were consecutively included in our patient cohort; we excluded patients with a history of malignant disease or any synchronous cancers. The median age at the time of surgery was 67. 4 
Scoring of immunoreactivities.
We scored TLR1 immunoreactivity on 282 tissue cores, TLR2 on 275 cores, TLR4 on 281 cores, TLR5 on 277 cores, TLR7 on 268 cores, and TLR9 on 277 cores. We excluded cores lacking cancer tissue. Among all TLRs, reactivity was observed both in the nuclei and in the cytoplasm. We quantified TLR expression by scoring the cancer cells' cytoplasmic staining intensity. A score of 3 indicated strong staining, 2 moderate, 1 weak, and 0 signified the absence of staining. A total of four tissue cores per tumour sample were evaluated, from which we selected the tumour core with the highest score to represent each patient in the statistical analyses. For the final analyses, data were divided into two categories: high expression (strong or moderate immunoreactivity) and low expression (weak or no immunoreactivity) groups ( Fig. 1 ). All tissue microarray cores were scored by two independent researchers, including an experienced pathologist from the Department of Pathology and Oral Pathology at the University of Helsinki (Aa.K. and J.H.), both blinded to the clinical data. Tissue core scores with any difference between researchers were re-evaluated, and the final score was reached through discussion and consensus. www.nature.com/scientificreports www.nature.com/scientificreports/ Statistical analyses. Associations and correlations were evaluated using the Pearson's chi-squared test and the Spearman's rank correlation test. We created the survival curves using the Kaplan-Meier method and compared them using the log-rank test. Disease-specific survival was determined from the date of surgery until death from gastric cancer or until the end of the follow-up period. We applied the Cox proportional hazard model to calculate the hazard ratios for the uni-and multivariate survival analyses. For the multivariate survival analysis, we included age, stage, the Laurén classification, and TLR5 expression in our model. Stage was processed as a categorical covariate, and we found no significant interaction terms. For all analyses, we considered a two tailed p < 0.05 as statistically significant, and for all statistical analyses we used IBM SPSS Statistics version 24.0 for Mac (IBM Corporation, Armonk, NY, USA).
Results
Associations between TLR expression and clinicopathological variables. Table 1 summarises the distribution of immunoreactivities. A high TLR2 and a high TLR4 expression associated with pT2-4 tumours (p = 0.043; p = 0.049; Table 2 ), and a high TLR7 expression associated with pT3 tumours (p = 0.025; Table 3 ). In addition, a high TLR7 expression associated with stage II disease (p = 0.030) and with being male (p = 0.021). A high TLR5 and a high TLR9 expression associated with an older age (p = 0.028; p = 0.001). Furthermore, a high expression of each TLR studied associated with the intestinal-type cancer (p < 0.001 for all). Lastly, a high www.nature.com/scientificreports www.nature.com/scientificreports/ expression of each TLR studied associated with high expressions of all other TLRs, whilst comparisons also revealed weak to moderate positive correlations (p < 0.001 for all; Table 4 and Supplementary Table 1 ).
Survival analyses.
The five-year disease-specific survival amongst gastric cancer patients with a high TLR5 expression was 53.4% (95% CI 43.4-63.4), compared to 37.6% (95% CI 30.0-45.2) among those with a low TLR5 expression (p = 0.014; Table 5 and Fig. 2D ). TLR1, TLR2, TLR4, TLR7, and TLR9 expressions did not function as significant prognostic biomarkers across the entire cohort (Fig. 2) . In the multivariate survival analysis, significant prognostic factors consisted of age, stage, and the Laurén classification (Table 5 ).
In the subgroup analyses, a high TLR5 expression emerged as an indicator of a better prognosis amongst patients with stage II disease (hazard ratio [HR] 0.33; 95% CI 0.13-0.83; p = 0.019; Fig. 3A) , amongst younger patients (HR 0.55; 95% CI 0.32-0.95; p = 0.033), amongst those with no distant metastasis (HR 0.66; 95% CI 0.44-0.99; p = 0.044), and amongst those with an intestinal-type cancer (HR 0.58; 95% CI 0.34-0.98; p = 0.043: Fig. 3B ), but not amongst those with a diffuse-type cancer (HR 0.83; 95% CI 0.53-1.31; p = 0.417; Table 6 and Fig. 3C ). Amongst patients with a high TLR7 expression and stage I disease, no deaths due to gastric cancer were recorded during our follow-up period (HR 0.03; 95% CI 0.01-97.7; p = 0.392; Fig. 3D ). Moreover, a high TLR7 expression indicated a better prognosis amongst patients with stage III disease (HR 0.60; 95% CI 0.38-0.95; p = 0.029; Fig. 3E ), amongst those with a pT4 tumour (HR 0.51; 95% CI 0.32-0.80, p = 0.003), and amongst those with lymph-node metastasis (HR 0.67; 95% CI 0.47-0.96; p = 0.029). Furthermore, a high TLR9 expression indicated a better prognosis amongst patients with stage II disease (HR 0.30; 95% CI 0.12-0.76; p = 0.011; Fig. 3F ). Lastly, TLR1, TLR2, and TLR4 expression levels did not significantly predict the outcome in any patient subgroup (Supplementary Table 2 ).
Discussion
In this study, we show for the first time that a high TLR5 tissue expression may identify gastric cancer patients with a favourable outcome, particularly amongst those with stage II disease, an intestinal-type cancer, without distant metastases or a younger age. In addition to TLR5, TLR1, TLR2, TLR4, TLR7, and TLR9 were also expressed in gastric cancer tissues, yet their expression levels did not function as prognostic biomarkers across www.nature.com/scientificreports www.nature.com/scientificreports/ the entire patient cohort. Furthermore, we showed that a high TLR7 expression may identify patients with a better prognosis amongst those with an advanced disease. High expressions of each of TLR studied associated with an intestinal-type cancer, suggesting that the inflammatory activity in the gastric mucosa is stronger in intestinalthan in diffuse-type tumours. Moreover, the high expressions of each TLR studied also associated with high expressions of all other TLRs.
In comparison to our results, Park et al. 14 found that TLR5 activation via flagellin enhanced the proliferation of gastric cancer cells in vitro. Our results differ through the application of immunohistochemistry on surgical patient samples, where we show that the prognosis amongst gastric cancer patients with a high TLR5 expression is better than amongst those with a low tumour tissue expression. This discrepancy may result from the fact that Park et al. completed in vitro studies, whereas we conducted an in vivo study, rending the results not directly comparable.
TLR3, TLR4, and TLR9 were previously studied in a smaller gastric cancer patient series using a methodology similar to ours, relying on immunohistochemistry and tissue microarrays 12 . Similar to our findings, that study www.nature.com/scientificreports www.nature.com/scientificreports/ concluded that TLR4 and TLR9 expression levels did not significantly predict outcome in gastric cancer patients. Interestingly, in that study, a high TLR3 expression appeared to associate with a poor prognosis. Unfortunately, TLR3 was not included in our panel of biomarkers. In another study amongst 47 gastric cancer samples studied using immunohistochemistry, a high TLR2 expression associated with metastatic disease 13 . We found that a high TLR2 expression associated with an intestinal-type cancer, but not with any other clinicopathological variables. In the previous study, quantification of TLR expression levels relied on both the intensity and percentage of stained cells, whereas we only evaluated staining intensity.
TLR7 was previously thought to reduce the viability of gastric cancer cells 15 . Accordingly, we found that prognosis was better amongst patients with a high TLR7 expression in several subgroups, particularly among those with locally advanced disease. Interestingly, we recorded no gastric cancer-related deaths among stage I patients with a high TLR7 expression. Although patients with stage I disease typically enjoy a good overall prognosis, it is www.nature.com/scientificreports www.nature.com/scientificreports/ very surprising that no deaths due to gastric cancer were recorded. Unfortunately, the number of patients in this subgroup was too small to draw definitive conclusions; our results, however, encourage further study of TLR7 expression in early-stage gastric cancer.
TLR-related therapy, particularly TLR agonists, capable of activating the immune system against cancer have been broadly studied in several malignancies 18, 19 . The administration of a TLR7 agonist, imiquimod, increases the expression of TLR7 in gastric cancer cells and reduces their viability 15 . Whether imiquimod has direct cytotoxic effects or if acting via the modulation of inflammatory cell activity remain incompletely understood since numerous different pathways are involved. In vitro studies of imiquimod on colon and basal cell carcinoma cells suggest that it can directly induce cell death 20, 21 . In addition, gastric cancer predisposing H. pylori infection induces polymorphous TLR expression in the gastric mucosa, since TLRs are essential for immunity against it [22] [23] [24] [25] . Genetic variations of TLR1, TLR5, and TLR9 may contribute to the malignant transformation of the gastric mucosa by altering the immune response to H. pylori 16, 26, 27 . On the other hand, a TLR2 polymorphism was recently shown to function as a potential prognostic biomarker in gastric cancer patients independent of H. pylori infection status, suggesting that gastric carcinogenesis affecting signalling pathways does not merely limit to crosstalk with H. pylori 28 . Conversely, we identified no TLR2 protein expression that functioned as a prognostic biomarker in gastric cancer patients, although the results related to protein expression and gene polymorphism analyses are not directly comparable. Unfortunately, in our retrospective study, patients' serum antibody levels against H. pylori were unavailable and the H. pylori infection status from the archived tissue samples was impossible to reliably determine.
The strengths of this study include the large patient cohort with precise and reliable follow-up information and the uniformity of laboratory methods used to determine the expression levels of TLRs. Yet, the single-centre setting introduces a bias and limits the generalisability of our results. Additional studies on other well-defined patient cohorts are needed in order to validate our results. Furthermore, in addition to H. pylori infection status, the limitations of this study include the lack of information for certain other well-known risk factors in our gastric cancer cases, such as venous and perineural invasion, lymphatic emboli, and the tumour subsite. Accessing details regarding each of these factors in a retrospective manner may potentially introduce inaccuracies and, thus, we did not include them in our analyses. Automated digital scoring systems have proved beneficial in improving the reproducibility of evaluating the visual density of immunohistochemically stained samples 29 . Some automated digital systems can already identify individual cells; however, the available systems cannot yet reliably interpret the cells' morphological features, and, thus, identify malignant cells from the stroma [30] [31] [32] . Studying heterogeneous tissues, reliably identifying neoplastic cells from non-neoplastic cells remain essential in order to produce Table 6 . Survival analyses by subgroups, high TLR5, TLR7, and TLR9 expressions compared to low in 313 gastric cancer patients. Abbreviations: TLR = Toll-like receptor, CI = Confidence interval, HR = Hazard ratio, N/A = not available.
